a high reabsorptive activity of bone tissue in all groups, with a significant difference between the participants not treated with ART and the participants treated with ART for <2 years. Through the DXA we found a bone mass reduction in all bone sites in each group. The increase in production of proinflammatory cytokines, most notably in the viremic group, demonstrated the ability to stimulate osteoclast activity and subsequently affect bone mass. The reduction of bone mineral density was observed in all bone sites, principally for the groups receiving antiretroviral treatment.
Introduction
The natural history of human immunodeficiency virus (HIV) infection and progressions in antiretroviral treatment (ART) are well evidenced by increases in the CD4+ T cell count, the reduction of viral replication, and the reduced risk for opportunistic infections. Despite the efficacy of ART, it carries certain repercussions such as the systemic effects of inflammation mediated by the chronic HIV infection and toxicity of the antiretroviral drugs, which significantly contribute to increasing the risk of metabolic complications. There is evidence that these complications are more common in HIV-infected adults than in uninfected people of the same age, suggesting that HIV leads to premature aging [1] .
One of the aspects highlighted for premature aging is HIV-mediated chronic inflammation, which leads to persistent activation of the innate and adaptive immune systems associated with the release of proinflammatory cytokines, Abstract Despite the efficacy of antiretroviral therapy (ART) on the control of viral replication, the current challenge is to decrease the chronic inflammatory status and toxicity of the antiretroviral drugs that contribute to increase the risk of metabolic complications. To verify the influence of proinflammatory cytokines on bone metabolism mediated by chronic HIV infection, a cross-sectional study was conducted with 50 HIV-infected adult men treated or not treated with ART. Dual energy X-ray absorptiometry (DXA) was performed to assess bone mineral density. Biochemical analysis were performed of IL-6, TNF-α, osteocalcin, PTH, 25-OH-D, total calcium, albumin, 24 h urinary calcium, and urinary deoxypyridinoline. The participants not treated with ART exhibited higher values of IL-6 and TNF-α than the participants treated with ART for more than 2 years. The TNF-α values were higher in the participants treated with ART for <2 years than in participants treated with ART for more than 2 years (p < 0.05). The increased values of urinary deoxypyridinoline indicated even after controlling the virus with ART. This leads to the abnormal function of lymphoid tissue and the emergence of various diseases that would manifest later in life [1, 2] . The release of proinflammatory cytokines, such as interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α), and their increased levels, may interfere in bone metabolism and contribute to increased bone resorption [3, 4] .
Simultaneously, the cumulative effect of HIV infection and the toxicity of the antiretroviral drugs contributes to mitochondrial dysfunction, which in turn increases the production of proinflammatory cytokines leading to an increase in osteoclast maturation and a decrease in osteoprotegerin, resulting in a reduction in bone mineral density (BMD) [4, 5] . Additionally, other factors common in this group of patients can also contribute to bone loss, such as low body mass index, alcoholism, smoking, drug use, decreased calcium intake, physical inactivity, vitamin D deficiency, hypogonadism, and increased parathyroid hormone serum concentrations [6] [7] [8] [9] .
Importantly, the direct effects of chronic inflammation due to HIV may increase bone reabsorption, resulting in a negative bone balance [7] . Therefore, the elevation of inflammatory biomarkers mediated by chronic HIV infection and the toxicity of the antiretroviral drugs both influence metabolic disorders and increase the risk of morbidity and mortality [8, 9] . This study aimed to verify the influence of proinflammatory cytokines on bone metabolism mediated by chronic HIV infection in patients undergoing antiretroviral treatment.
Materials and methods

Recruitment, ethics, and general study design
This cross-sectional study was performed with 50 adult men, all seropositive for HIV, with different viral load measurements and undergoing treatment or not with ART. The exclusion criteria considered were: use of calcium and vitamin D supplements, use of drugs active on bone and mineral metabolism, previous thyroidectomy, presence of renal and/or hepatic insufficiency, hypophosphatemia, hypogonadism, rheumatic diseases, and the presence opportunistic infection. The recruitment of the volunteers was conducted at the Clinical Hospital of the Ribeirão Preto Medical School, University of São Paulo (HCFMRP-USP). The study was approved by the Research Ethics Committee of HCFMRP-USP, process No. 2605/2010, and all the volunteers gave their free prior and written informed consent to participate in this study.
Data collection (duration of HIV infection, length of ART exposure, CD4+ T cell count, and viral load quantification) was performed by reviewing the patient records of HCFMRP-USP. The volunteers were divided, according to the use or not of different antiretroviral regimen, into the CG: 10 volunteers not in treatment; the G<2 group: 20 volunteers treated with ART for up to 2 years; and the G>2 group: 20 volunteers treated with ART for more than 2 years.
Anthropometric evaluation
Weight and height were measured and the body mass index (BMI) was calculated using the formula (weight/height 2 ) [10]. The patients were classified according to the recommendation of the World Health Organization (WHO) [11, 12] . Body composition (lean mass and fat mass) was assessed by dual energy X-ray absorptiometry (DXA).
Evaluation of bone mineral density
Dual energy X-ray absorptiometry was used to evaluate the following bone sites: whole body, total hip, and lumbar spine, and was performed in the Radiology Department of HCFMRP-USP using a Hologic QDR 4500A scanner; Hologic Inc., Waltham, MA, USA. The bone mineral density evaluation was performed according to the classifications proposed by the WHO [13] . Standard procedures were adopted for the placement of the volunteers into the supine position during the examination phase, without metal objects or shoes. The examination was performed through a full-body scan of the patient.
Biochemical analyses
For the biochemical analyses, peripheral venous blood samples were collected after 12 h of fasting, and urine samples were taken from 24-h urine collections, collected on the 2nd morning. After collection, the blood samples were centrifuged and the serum obtained stored in a freezer at −80 °C until the time of analysis. The urine samples were stored in a freezer at −20 °C until the time of analysis.
The inflammatory markers, interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-α), were determined with Luminex ® equipment using a Milliplex ® MAP Kit. The osteocalcin and PTH concentrations were measured using the immuno-chemiluminescence method (ICMA) with an IMMULITE ® 1000 analyzer and the serum levels of 25-OH vitamin D were determined by chemiluminescence (CLIA) using the LIAISON ® 25-OH vitamin D test. The serum albumin was determined by the colorimetric method, using Labtest ® Kits. Quantification of CD4+ T lymphocytes was determined through flow cytometry using a Multitest ® Kit, and quantification of viral load through chemiluminescence using a Versant ® HIV-1 RNA 3.0 Kit.
To determine the serum and urinary calcium concentrations, a mass spectrometer equipped with an inductively coupled plasma source was used (DRC-ICP-MS ELAN DRCII, Perkin Elmer, Sciex, Norwalk, CT, USA), operating with high purity argon (99.999 %, Praxaair, Brazil).
The urinary deoxypyridinoline determination performed through the enzyme immunoassay method (ELISA) using a Quidel brand kit. The urinary creatinine analysis, used in the calculations for the correction of urinary deoxypyridinoline, was determined by the automated enzymatic method, using a WIENER ® kinetic creatinine AA Kit in a BT 3000 Plus device.
The parameters of Young [14] were used as a reference for serum calcium, and those of Hodgkinson and Pyrah [15] for urinary calcium. The reference value of 25-OH vitamin D (ng/mL) was provided by the Liaison ® Kit for the North American population, considering >150 as excessive, >30 as sufficient, 10-30 as insufficient, and <10 as deficient. The osteocalcin and PTH were calculated according to the reference value indicated by the Immulite ® Kit (<2.0-21 ng/mL) and (12-65 pg/mL) respectively. The urinary deoxypyridinoline according to the reference value indicated by the Quidel ® kit (2.3-5.4 nmol/mmol), and albumin according to the reference value of the Labtest ® Kit (3.5-5.5 g/dL). The reference values used for CD4+ T lymphocytes were those published by the Ministry of Health [16] . Regarding the viral load quantification, undetectable viremia was considered for values less than 50 copies/mL HIV RNA, as proposed by the Versant ® Kit.
Dietary evaluation
The dietary evaluation was performed by recording food intake over three days. Participants were instructed to fill out the forms immediately after eating to minimize errors and avoid possible underreporting. The dietary data obtained in household measures were converted to grams and milliliters to enable the chemical analysis of the food consumption and the information was processed through the Dietpro ® version 5i nutritional analysis program [17] . The foods that were not included in the program were subsequently added, according to the database tables: Brazilian Food Composition Table (TACO) [18] and National Nutrient Database for Standard Reference (USDA) [19] .
Energy consumption recommendations were obtained through the Melchior equation [20] , and for macronutrients and calcium, the concepts proposed by the Dietary Reference Intakes (DRIs) were considered [21] . In the dietary evaluation the mean intake of macronutrients and calcium was considered, obtained from the three food records.
Statistical analysis
To describe the results obtained in the study in relation to the quantitative variables, the mean and standard deviation were calculated considering a 95 % confidence level. The Kruskal-Wallis test was used to compare the groups in relation to the continuous variables and, in the cases where there was no difference between any pair of groups, Dunn's post test was performed. The Fisher's exact test was applied to determine the association between categorical variables and the groups. The Spearman's correlation coefficient (r) was used to determine correlations.
To compare the groups with respect to the variables (urinary deoxypyridinoline, BMD of the femur, BMD of the lumbar spine, and BMD of the whole body), a method for selecting variables from a set of independent variables was first performed. The variable selection method used was the adjusted R 2 , which selects a set of variables that present the highest adjusted R 2 for the regression model. From the set of selected variables, analysis of covariance (ANCOVA) was proposed. This methodology allows the ANOVA to incorporate one or more quantitative variables that present a linear relationship with the response variable. The results of the statistical analyzes were obtained using the SPSS 17.01 software program [22] .
Results
The mean age of the participants of the G>2 group was higher: 47.0 ± 10.6 years, and lower in those of the CG group: 30.8 ± 9.4 years. There was a significant difference in age between the CG and the G>2 group, and between the G<2 group and the G>2 group (p < 0.05). The body mass index (kg/m 2 ) was greater for the G<2 group: 23.2 ± 4.1, and lower for the CG group: 20.4 ± 6.7, and according to the WHO BMI classification the volunteers presented normal weight. The percentage of fat mass was higher in the CG group: 24.9 ± 7.5 ( Table 1) .
The G>2 group presented a longer duration of HIV infection, undetectable viremia (<50 copies/mL), and an increased amount of CD4+ T cells (mm 3 ). There was a significant difference in the duration of HIV infection between the CG and G<2 groups and between the CG the G>2 groups (p < 0.05). Furthermore, the G<2 and G>2 groups showed significant differences in the length of exposure to antiretroviral therapy treatment (p < 0.05; Table 1 ).
Osteoporosis was observed in lumbar spine bone site in the three groups, and according to the number of participants, the G>2 group presented a higher percentage (20 %). Additionally, in total hip and whole body exams, only the participants of the G>2 group presented with osteoporosis (10 %). The percentage of osteopenia in the whole body was lower for the participants of the CG and G<2 groups (40 %), whereas it was 55 % in the G>2 group. A significant difference was also observed in total hip BMD between the two groups on antiretroviral treatment (p < 0.05; Table 1 ).
Regarding the laboratory parameters, the serum concentrations of PTH, calcium, albumin, and the bone formation marker osteocalcin presented values within normal limits. Calcemia was within normal limits, except for in the CG group: 8.5 ± 0.6 mg/dL, which showed a value slightly below the normal reference, with a significant difference between the CG and G>2 groups, as well as between the G<2 and G>2 groups (p < 0.05). The bone reabsorption marker urinary deoxypyridinoline presented in increased values in all the groups, with a significant difference between the CG and G<2 groups (p < 0.05). The 25-OH vitamin D levels were below the acceptable limits in all groups (Table 2) . When considering all participants (n = 50), 34 % presented with insufficient vitamin D values and 22 % with deficiency, with the lowest vitamin D serum value being for the group with longer exposure to ART.
The proinflammatory markers, IL-6 and TNF-α, presented with the highest mean in the HIV seropositive group (CG), with a lower mean for the group with longer exposure to the antiretroviral treatment (G>2). The TNF-α values presented a significant different between the CG and G>2 groups, as well as between the G<2 and G>2 groups (p < 0.05; Table 2 ). Evaluating all the participants and grouping them by detectable versus undetectable viral load (data not shown in tables), the mean IL-6 values of 0.9 ± 1.1 and 0.7 ± 1.0 pg/mL and mean TNF-α values of 15.2 ± 6.5 and 12.0 ± 6.3 pg/mL, respectively, were found, with no significant association independent of viral load.
Regarding food consumption, the groups mostly demonstrated inappropriate consumption, with the intake of energy, carbohydrates, and protein greater than the need, and fat intake for the G<2 group equal to the recommendation and for the G>2 group lower than the recommendation. All groups presented inadequate calcium intakes. There was a significant difference only for fat intake between the CG and G<2 groups (p < 0.05; Table 3 ). The significant correlations of BMD with BMI, 25-OH vitamin D, and calcium are shown in Table 4 . When the urinary deoxypyridinoline values were correlated with the continuous variables Lumbar spine T score −0.7 ± 0.9 −0.9 ± 0.8 (data not shown in table) significant correlations were found with IL-6 (r = −0.29, p < 0.05), and serum calcium (r = 0.37; p < 0.05). Table 5 presents the results of linear regression models that were adjusted between the groups to check the possible influence that the variables (age, BMI, fat mass, lean mass, duration of HIV infection, length of exposure to antiretroviral therapy, calcium and protein intake, and serum and urinary biochemical markers) had on the bone health indicators evaluated: urinary deoxypyridinoline, total hip BMD, lumbar spine BMD, and whole body BMD.
Discussion
An interesting aspect was observed in our study in that the individuals infected with HIV and not using ART presented with higher serum levels of inflammatory markers than the individuals in treatment, affirming that the initial phase of infection may be characterized by an increased production of proinflammatory cytokines and their persistence throughout the natural course of the disease, even in the presence of an effective suppression of viral replication with antiretroviral therapy [1, 23] . It was noted that the group with shorter exposure time to ART and to HIV infection presented with higher serum inflammatory marker values than the group with longer treatment time; most likely this could be due to detectable viremia that directly contributed to the activation of T cells and the release of proinflammatory cytokines [1] .
Interestingly, some cytokines (both anti-and pro-inflammatory, such as IL-3, IL-4, IL-10, TGF-β and IL-1, IL-6, IL-12, IL-17, IFN-y, TNF-α, respectively) are involved in the regulation of bone remodeling with a crucial role in inhibiting and stimulating the activity of bone cells [24] , and in this study the evaluated proinflammatory cytokines (TNF-α, IL-6) demonstrated the ability to stimulate osteoclast activity via the results observed in the bone resorption marker values, mainly viremic groups. At the same time it was observed that the persistent inflammation mediated by HIV and the toxicity of long-term ART use contributed to the increase in the bone reabsorption markers, directly affecting bone mass, especially for the group with the longest exposure to the virus and antiretrovirals. When analyzing the coefficients of determination (R 2 ) of the linear regression models it was observed that the length of HIV infection exposure had significant influence over the bone reabsorption marker, with a tendency for reduced urinary deoxypyridinoline levels. Despite the evidence of adverse effects of antiretroviral drug regimens, principally in use of tenofovir (TDF), which lead to reduced bone mineral density due to the alterations in metabolism of vitamin D and phosphate and in osteoblast function [25] , this evidence was not associated in our study due to a limited number of patients undergoing treatment with TDF.
In a cross-sectional study, high levels of IL-6 were detected in HIV-infected individuals compared with uninfected subjects, with a significant correlation between the quantification of the viral load in patients and advanced HIV disease [26] . Another recent study found higher levels of plasma IL-6 in HIV-infected subjects when their viral load quantification was elevated [23] , which draws attention to the data presented here: despite presenting no significant correlation between IL-6 and the increase of viremia, our data showed increased IL-6 values in HIV-infected participants with detectable viremia compared to the infected individuals with undetectable viremia.
Regarding TNF-α, a recent study showed a significant association between elevated TNF-α levels and increased risk of progression to AIDS, even after adjustment for antiretroviral treatment, CD4+ T lymphocyte count, and viral load quantification. Furthermore, the study found that the increased levels of inflammatory markers were independently associated with an increased risk of AIDS events versus non-AIDS events [27] . In the present study an increase was observed in the amounts of TNF-α in the group with detectable viremia compared to the group with undetectable viremia, with this finding being similar to another study that showed increased viral load in acute HIV infection associated with elevations in plasma levels of several cytokines, including a rapid rise in TNF-α [28] .
Overproduction of proinflammatory cytokines such as IL-6, TNF-α, and others can stimulate the activity of bonereabsorbing cells, affecting bone remodeling and leading to bone metabolism dysfunction [4] . Similar results were identified in the present study, with reduced bone mineral density at different skeletal sites and greater involvement in the whole-body bone site. A preclinical model developed in Erlangen showed high levels of HIV viral proteins and inflammatory cytokines, such as IL-6 and TNF-α, associated with increased osteoclast activity, considered to be one of the factors implicated in reduced bone mineral density in HIV-infected patients [29] .
However, in the linear regression models for the bone densitometry values there was a reduction in femoral BMD when the effect of age was analyzed (p < 0.001), unlike the BMI, that showed a tendency to increase the femoral BMD values (1 kg each/m 2 led to an increase of 0.013 g/ cm 2 BMD of the femur, p < 0.001). For the lumbar BMD, a decrease in value was found when the effect of 25-OH vitamin D (p < 0.01) and total calcium (p < 0.05) were analyzed, whereas for the whole body BMD, only the length of exposure to antiretroviral therapy showed a significant influence on bone mass (p = 0.05).
A study carried out in Bologna showed that proinflammatory cytokines, such as IL-6 and TNF-α, promoted an increase of osteoclastogenesis and bone reabsorption, and that high concentrations of HIV RNA were associated with elevated concentrations of RANKL (receptor activator of nuclear factor kappa-B ligand) [30] . Other studies have shown that exposure to ART results in a disturbance of the metabolism of amino acids directly into osteoblasts and osteoclasts, altering bone homeostasis, as well as the presence of mitochondrial dysfunction, thus contributing to an inflammatory process and consequently to the loss of bone mass [31, 32] . It is important to emphasize that many factors can influence the activities of osteoblasts and osteoclasts or calcium homeostasis and calciotropic hormones, such as parathyroid hormone and vitamin D [33] .
In this study, despite PTH values being within normal limits in all groups, it was observed that the group with longer exposure to both the treatment and HIV infection had higher PTH and bone reabsorption marker values and lower levels of IL-6, which may be justified due to better viremic control [1] . Furthermore, all groups of this study showed insufficient serum levels of vitamin D, even though it is known that a reduction in vitamin D affects its role as an inhibitor in the production of PTH and reduces absorption of calcium from the intestinal tract, favoring the reduction of bone mass [34] .
We did not detect alterations in other factors (low body weight, advanced age, hypercalciuria, and low CD4+ T cell count) that could contribute to reduced bone mass. However, the mean values of calcium and protein intake were, respectively, low and high in the three groups. It is necessary to take into consideration that the age of the group with longer exposure to antiretroviral therapy was higher than the age of the other two groups [35] . Nonetheless, the mean age of the G>2 was <50 years and these subjects showed a high frequency of osteoporosis. Therefore, it is important to call attention to the fact that even with control of viremia through the use of antiretrovirals, inflammation persists and its chronic effects may contribute to bone loss [36] .
The present study showed an increase in the production of proinflammatory cytokines, most notably in the untreated group, due to their higher levels and greater number of copies of HIV RNA, and that the inflammation persisted throughout the antiretroviral treatment, as observed in the other groups. The increased levels of urinary deoxypyridinoline mainly observed in the group with longer ART resulted in greater losses of bone mineral density of the whole body.
However, even in the presence of a suppression of viral replication through highly active antiretroviral therapy, chronic activation of the innate immune system persists, releasing proinflammatory cytokines and contributing to the increased risk of metabolic complications and the emergence of multiple morbidities. Thus, it is extremely important to conduct longitudinal studies to better detect damage in various tissues due to the persistence of inflammation over time, aiming to prevent harm and restore the health of HIV-infected individuals.
